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FLUID DELIVERY SYSTEM AND CONTROLLER FOR 
ELECTROSURGICAL DEVICES 

This application is being filed as a PCT International Patent application in the 
name of TissueLink Medical, Inc., a U.S. national corporation, designating all 
countries except the US, on 01 March 200L 



Field Of The Invention 



This invention relates to the field of devices for use in operative surgery upon 
tissues of the body. More particularly, the invention relates to electrosurgical 
methods and systems for treatment of body tissues. 



Background Of The Invention 

Electrosurgical devices use electrical energy, most commonly radio frequency 
(RF) energy, to cut tissue or to cauterize blood vessels. During use, a voltage 
gradient is created at the tip of the device, thereby inducing current flow and related 

20 heat generation in the tissue. With sufficiently high levels of electrical energy, the 
heat generated is sufficient to cut the tissue and, advantageously, to stop the bleeding 
from severed blood vessels. 

Current electrosurgical devices can cause the temperature of tissue being 
treated to rise significantly higher than 100 °C, resulting in tissue desiccation, tissue 

25 sticking to the electrodes, tissue perforation, char formation and smoke generation. 
Peak tissue temperatures as a result of RF treatment of target tissue can be as high as 
320 °C, and such high temperatures can be transmitted to adjacent tissue via thermal 
diffusion. Undesirable results of such transmission to adjacent tissue include 
unintended thermal damage to the tissue. 

30 Using saline to couple RF electrical energy to tissue prevents such 

undesirable effects as sticking, desiccation, smoke production and char formation. 
One key factor is preventing tissue desiccation, which occurs if tissue temperature 
exceeds 100° C and all of the intracellular water boils away, leaving the tissue 
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extremely dry and much less electrically conductive. However, an uncontrolled 
flow rate of saline can provide too much cooling at the electrode/tissue interface. 
This cooling reduces the temperature of the target tissue being treated, and the rate at 
which tissue thermal coagulation occurs is determined by tissue temperature. This, 
5 in turn, can result in longer treatment time, to achieve the desired tissue temperature 
for cauterization or cutting of the tissue. Long treatment times are undesirable for 
surgeons since it is in the best interest of the patient, physician and hospital to 
perform surgical procedures as quickly as possible. 

RF energy delivered to tissue is unpredictable and often not optimal when 

10 using general-purpose generators. Most general-purpose RF generators have modes 
for different waveforms (cut, coagulation, or a blend of these two) and device types 
(monopolar, bipolar), as well as power levels that can be set in watts. However, 
once these settings are chosen, the actual power delivered to tissue can vary 
dramatically over time as tissue impedance changes over the course of RF treatment. 

1 5 This is because the power delivered by most generators is a function oftissue 
impedance, with the power ramping down as impedance either decreases toward 
zero or increases significantly to several thousand ohms. 

A further limitation of current electrosurgical devices arises from size 
constraints of the device in comparison to tissue that is encountered during a single 

20 surgical procedure. During the course of a single procedure, for example, a surgeon 
often encounters a wide variety of tissue sizes. Surgical devices often come in a 
variety of sizes because larger segments of tissue physically require commensurately 
larger electrode jaws or tips, but smaller segments of tissue often are not optimally 
treated by the much larger size RF device. It is undesirable to require numerous 

25 surgical devices during a single procedure, because this wastes valuable operating 
room time, can make it difficult to precisely relocate the treatment site, increases the 
risk of infection, and increases the cost by increasing the number of different 
surgical devices that are needed to complete the surgical procedure. 

For example, a bipolar saline-enhanced tissue sealing forceps that has jaws 

30 long enough to effectively seal a 30 mm length of tissue may not be desirable for 
sealing a segment oftissue that is 10 mm in length. Excess saline from one of the 
electrode jaws (for a bipolar device) can flow to the other electrode in the space 
where there is no intervening tissue. This flow of electrically conductive saline can 
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act as an electrical resistor in parallel with the electrical pathway through the target 
tissue. Electrical current flow through the saline can divert or shunt RF energy away 
from going through the target tissue, and slow down the rate at which the target 
tissue is heated and treated. 

.5 A surgeon may first be sealing and cutting lung tissue as part of a wedge 

resection using the full 30 mm jaw length 2-3 times to remove a tip of a lobe of 
lung for biopsy. If the intraoperative histopathology indicates that the suspected 
tissue has a malignant tumor, then the surgeon may convert the procedure to a 
lobectomy. As part of the lobectomy the surgeon will want to seal and cut large 

10 blood vessels that supply the lobe. Alternatively, the surgeon may want to toughen 
up or coagulate large vessels with RF and then apply a ligating clip to assure 
hemostasis before cutting. Even compressed, these blood vessels might only fill a 
small fraction of the 30 mm length of electrode jaw. For at least the reasons 
identified above, this is an undesirable situation with current electrosurgical devices. 

15 

Summary Of The Invention 

The invention provides a system for treating tissue comprising a power 

measurement device, a flow rate controller coupled to the power measurement 

device, and an electrosurgical device configured and arranged to provide radio 
20 frequency power and conductive fluid to the tissue, wherein the flow rate controller 

is configured and arranged to modify a flow rate of the conductive fluid to the tissue, 

based on signals from the power measurement device. 

Preferably, the flow rate controller modifies the flow rate of the conductive 

fluid to the tissue based on heat used to warm the conductive fluid and heat used to 
25 convert the conductive fluid to vapor. In a preferred embodiment, the flow rate 

controller modifies the flow rate of the conductive fluid to the tissue using the 

relationship: 



1 

30 K = 



{pCpAT +ph v Qb/Qi} 
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In another embodiment, the invention provides a device for modifying flow 
rate of conductive fluid to tissue based on measurement of radio frequency power 
delivered to the tissue, the device comprising a flow rate controller configured and 
arranged to modify flow rate of the conductive fluid to the tissue, based on heat used 
5 to warm the conductive fluid and heat used to convert the conductive fluid to vapor. 
Preferably, the device modifies the flow rate of the conductive fluid to the tissue 
using the relationship: 



1 

10 K = 



{pCpAT +ph v Qb/Qi} 



In an alternative embodiment, the invention provides a device for treating 
tissue using radio frequency power and conductive fluid, the device comprising a 

1 5 sensing device, and a processor coupled to the sensing device, wherein the processor 
is configured and arranged to adjust flow rate of the conductive fluid to the tissue, 
by determining a level of radio frequency power applied to the tissue using the 
sensing device, and adjusting the flow rate of the conductive fluid to the tissue. 
Preferably, the processor is configured and arranged to adjust the flow rate of the 

20 conductive fluid to the tissue based on heat used to warm the conductive fluid and 
heat used to convert the conductive fluid to vapor. Preferably, the flow rate 
controller modifies the flow rate of the conductive fluid to the tissue using the 
relationship: 

1 

25 K = 



{pCpAT +phvQb/Qi} 



In another embodiment, the invention provides a method for treating tissue 
comprising applying radio frequency power and conductive fluid to the tissue using 
30 a surgical device, wherein the conductive fluid is provided to the tissue at a fluid 
flow rate, determining an amount of radio frequency power applied to the tissue, and 
modifying the fluid flow rate based on the power applied to the tissue. Preferably, 
the step of modifying the fluid flow rate based on the power applied to the tissue 



WO 01/66026 



PCT/US01/06673 



comprises modifying the flow rate of the conductive fluid to the tissue based on heat 
used to warm the conductive fluid and heat used to convert the conductive fluid to 
vapor. Preferably, the step of modifying the fluid flow rate based on the power 
applied to the tissue comprises determining the fluid flow rate using the relationship: 



1 

K = 1 



{pCpAT +ph v Qb/Qi} 



10 In an alternative embodiment, the invention provides a method for treating 

tissue comprising providing a surgical device comprising an electrode, wherein the 
surgical device is configured and arranged to receive radio frequency power and 
conductive fluid and deliver the radio frequency power and conductive fluid to the 
tissue, determining the radio frequency power applied to the tissue, and providing 

1 5 the conductive fluid to the tissue at a fluid flow rate, wherein the fluid flow rate is 
modified to control boiling of the conductive fluid at the tissue. Preferably, the step 
of providing the conductive fluid to the tissue at a fluid flow rate comprises 
providing the conductive fluid to the tissue based on heat used to warm the 
conductive fluid and heat used to convert the conductive fluid to vapor. In a 

20 preferred embodiment, the step of providing the conductive fluid to the tissue at a 
fluid flow rate comprises providing the conductive fluid to the tissue using the 
relationship: 

1 

K = 

25 {pCpAT +ph v Qb/Qi} 

In another embodiment, the invention provides a system for treating tissue 
comprising a power measurement device, a flow rate controller coupled to the power 
measurement device, a flow control device coupled to the flow rate controller, and 
30 an electrosurgical device coupled to the flow control device and the power . 

measurement device, wherein the electrosurgical device is configured and arranged 
to provide radio frequency power and conductive fluid to the tissue, and wherein the 
flow rate controller is configured and arranged to modify a flow rate of the 
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conductive fluid to the electrosurgical device, based on signals from the power 
measurement device. Preferably, the flow control device comprises a pump. In one 
embodiment, the pump comprises a peristaltic pump. In another embodiment, the 
pump comprises a syringe pump. Preferably, the electrosurgical device comprises a 
5 bipolar electrosurgical device. 

According to this embodiment, the flow rate controller is preferably 
configured and arranged to modify the flow rate of the conductive fluid to the flow 
control device based on heat used to warm the conductive fluid and heat used to 
convert the conductive fluid to vapor. In a preferred embodiment, the flow rate 
1 0 controller is configured and arranged to modify the flow rate of the conductive fluid 
to the tissue using the relationship: 

1 

K = 



15 



{pCpAT +ph v Qb/Qi} 



The invention can improve the speed of tissue coagulation provided by fluid- 
enhanced electrosurgery by assuring that the electrode-tissue interface is within a 
desired temperature range (for example, not significantly hotter than 100° C) 
through the control of the fraction of conductive fluid that is boiled off at the 

20 electrode-tissue interface. This improvement can be achieved by measuring power 
provided to the device and regulating the flow of fluid to the device. Preferably, 
tissue sensors (for example, that would measure tissue temperature or tissue 
impedance) are not required according to the invention. 

Some embodiments of the invention can provide one or more advantages, 

25 such as the ability to achieve the desired tissue effect (for example, coagulation, 
cutting, or the like) in a fast, effective manner. The invention can also provide the 
ability to treat tissue quickly without using a tissue sensor (for example, a 
temperature sensor) built into the device or a custom special-purpose generator. The 
invention can allow a surgeon to use a variety of electrosurgical devices with a wide 

30 variety of general-purpose generators. Further, the invention can provide the ability 
to use an electrosurgical device that is capable of quickly and effectively sealing a 
wide variety of tissue sizes and thicknesses. 



6 
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Brief Description Of The Drawings 

FIG. 1 is a block diagram showing one embodiment of the overall control 
system of the invention, and an electrosurgical device. 

5 FIG. 2 is a schematic graph that describes the relationship between RF power 

to tissue (P), flow rate of saline (Q),and tissue temperature (T). 

FIG. 3 is schematic graph that describes the relationship between RF power 
to tissue (P), flow rate of saline (Q),and tissue temperature (T) when heat 
1 0 conduction to adjacent tissue is neglected. 

FIG. 4 is a graph showing the relationship of percentage saline boiling and 
saline flow rate (cc/rain) for an exemplary RF generator output of 75 watts. 

1 5 FIG. 5 is a schematic graph that describes the relationship of load impedance 

(Z, in ohms) and generator output power (P, in watts), for an exemplary generator 
output of 75 watts in a bipolar mode. 

FIG. 6 is a schematic graph that describes the relationship of time (t, in 
20 seconds) and tissue impedance (Z, in ohms) after RF activation. 

FIG. 7 is a schematic side view of one embodiment of a bipolar 
electrosurgical device. 

25 FIG. 8 is a schematic close-up section side view of the tip of the device 

shown in FIG. 7. 

FIG. 9 is a schematic top view of the bipolar electrosurgical device shown in 

FIG. 7. 

30 

FIG. 10 is a schematic close-up section top view of the tip of the device 
shown in FIG. 9. 
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FIG. 11 is a schematic close-up section side view of the electrodes of the 
device shown in FIG. 9 showing saline shunting without boiling of the saline. 

FIG. 11a is a diagram that describes the equivalent electrical circuit for tissue 
5 in parallel with a single saline shunt. 

> 

FIG. lib is a graph that describes the relationship of ratio of saline to tissue 
resistance (Rs/Rt) and percent power shunted into saline. 

10 FIG. 12 is a schematic close-up side section view of the electrodes of the 

device shown in FIG. 9 showing a large percentage of the saline boiling at the tissue 
treatment site. 

FIG. 13 is a schematic close-up side section view of electrodes of the device 
15 shown in FIG. 9 showing two gutters slid out to direct saline flow distally toward 
tissue. 

FIG. 14 is a schematic close-up cross-section view along line A-A of FIG. 9, 
showing the two gutters positioned to collect and direct saline flow distally. 

20 

FIG 15 is a schematic close-up cross-section view of one embodiment of the 
jaws of the device shown in FIG. 9, wherein the jaws include a tissue-activated 
valve. 

25 FIG. 16 is a schematic close-up side section view of one embodiment of the 

jaws of the device shown in FIG. 9, wherein the jaws include tissue-activated valves 
to direct flow distally. 

Detailed Description Of The Preferred Embodiments 

30 Overview 



The invention provides a system, device and methods that preferably 
improve control of tissue temperature at a treatment site during a medical procedure. 

8 
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The invention is particularly useful during surgical procedures upon tissues of the 
body, where tissue is often cut and coagulated. The invention involves the use of 
electrosurgical procedures, which utilize RF power and conductive fluid to treat 
tissue. Preferably, a desired tissue temperature range is achieved through adjusting 
5 parameters, such as conductive fluid flow rate, that affect the temperature at the 
tissue/electrode interface. Preferably, the device achieves a desired tissue 
temperature utilizing a desired percentage boiling of the conductive solution at the 
tissue/electrode interface. In a preferred embodiment, the invention provides a 
control device, the device comprising a flow rate controller that receives a signal 
10 indicating power applied to the system, and adjusts the flow rate of conductive fluid 
from a fluid source to an electrosurgical device. The invention also contemplates a 
control system comprising a flow rate controller, a measurement device that 
measures power applied to the system, and a pump that provides fluid at a desired 
flow rate. 

15 The invention will be discussed generally with reference to FIG. 1 FIG. 1 

shows a block diagram of one embodiment of a system of the invention. As shown 
in FIG. 1, conductive fluid is provided from a fluid source X through a fluid line 2, 
to a pump 3, which has an outlet fluid line 4 that is connected to an electrosurgical 
device 5. In a preferred embodiment, the conductive fluid comprises saline, such as 

20 sterile, normal saline. Al though the description herein will describe saline as a 
conductive fluid, one of skill in the art would understand, upon reading this 
disclosure, that other conductive fluids can be used in accordance with the invention. 
The conductive fluid can comprise physiologic saline ("normal" saline, or 0.9% 
NaCl solution), lactated Ringer's™, or the like. 

25 A generator 6 provides RF energy via a cable 7 to a power measurement 

device 8 that measures the RF electrical power. In this embodiment, the power 
measurement device 8 does not turn the power off or on or alter the power in any 
way. A power switch 15 connected to the generator 6 is provided by the generator 
manufacturer and is used to turn the generator 6 on and off. The power switch 15 

30 can comprise any switch to turn the power on and off, and is commonly provided in 
the form of a footswitch or other easily operated switch. A cable 9 carries RF 
energy from the power measurement device 8 to the electrosurgical device 5. Power 
is preferably measured before it reaches the electrosurgical device. 



9 
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A flow rate controller 11 includes a selection switch 12 that can be set to 
achieve desired levels of percentage fluid boiling (for example, 100%, 98%, 80% 
boiling). The flow rate controller 11 receives a signal 10 from the power 
measurement device 8 and calculates the correct fluid flow rate based on percentage 
5 boiling indicated by the selection switch 12. In a preferred embodiment, a fluid 
switch 13 is provided so that the fluid system can be primed (air eliminated) before 
turning the generator 6 on. The output signal 16 of the flow rate controller 11 is sent 
to the pump 3 motor to regulate the flow rate of conductive fluid, and thereby 
provide an appropriate fluid flow rate for the amount of power being delivered. 

1 0 Throughout the present description, like reference numerals and letters 

indicate corresponding structure throughout the several views, and such 
corresponding structure need not be separately discussed. 

In one embodiment, the invention comprises a flow rate controller that is 
configured and arranged to be connected to a source of RF power, and a source of 

1 5 conductive fluid. The device of the invention receives information about the level of 
RF power applied to an electrosurgical device, and adjusts the flow rate of the 
conductive fluid to the electrosurgical device, thereby controlling temperature at the 
tissue treatment site. 

In another embodiment, elements of the system are physically included 

20 together in one electronic enclosure. One such embodiment is shown by enclosure 
within the outline box 14 of FIG 1. In the illustrated embodiment, the pump3, flow 
rate controller 11, and power measurement device 8 are enclosed within an 
enclosure, and these elements are connected through electrical connections to allow 
signal 10 to pass from the power measurement device 8 to the flow rate controller 

25 11, and signal 16 to pass from the flow rate controller 11 to the pump 3. Other 
elements of a system can also be included within one enclosure, depending upon 
such factors as the desired application of the system, and the requirements of the 
user. 

The pump 3 can be any suitable pump used in surgical procedures to provide 
30 saline or other fluid at a desired flow rate. Preferably, the pump 3comprises a 
peristaltic pump. Alternatively, pump 3 can be a "syringe pump," with a built-in 
fluid supply; or a double-acting syringe pump with two syringes such that they can 
draw saline from a reservoir. Conductive fluid can also be provided from an 
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intravenous ( M I.V. ft ) bag full of saline that flows under the influence of gravity to the 
pump 3. Similar pumps can be used in connection with the invention, and the 
illustrated embodiments are exemplary only. The precise configuration of the pump 
3 is not critical to the invention. In some embodiments, the pump can be substituted 
5 with any type of flow controller, to allow the user to control the flow rate of 
conductive fluid to the device. Alternatively, a valve configuration can be 
substituted for pump 3. 

The components of the system will now be described in detail. 

10 The Flow Rate Controller 

The flow rate controller 11 controls the rate of flow from the fluid source 1, 
based upon the amount of RF power provided from the generator 6 to the 
electrosurgical device 5. The flow rate of conductive fluid, such as saline, interacts 
1 5 with the RF power and various modes of heat transfer away from the target tissue, as 
described herein. 

FIG. 2 shows a schematic graph that describes the relationship between the 
flow rate of saline, RF power to tissue, and regimes of boiling. Based on a simple 
one-dimensional lumped parameter model of the heat transfer, the peak tissue 
20 temperature can be estimated, and once tissue temperature is estimated, it follows 
directly whether it is hot enough to boil saline. 

P = AT/R + pc p Q,AT +pQ b h v (1) 

25 Where P = the total RF electrical power that is converted into heat. 

Conduction . The first term [AT/R] in equation (1) is heat conducted to 
adjacent tissue, represented as 70 in FIG. 2, where: 

30 AT = (T - Too) the difference in temperature between the peak tissue 

temperature (T) and the normal temperature (T«>) of the body tissue (°C). 
Normal temperature of the body tissue is generally 37 °C; and 
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R = Thermal Resistance of surrounding tissue, the ratio of the temperature 
difference to the heat flow (°C/watt). 

This thermal resistance can be estimated from published data gathered in 
5 experiments on human tissue (Phipps, J.H., "Thermometry studies with bipolar 
diathermy during hysterectomy," Gynaecological Endoscopy, 3:5-7 (1994)). As 
described by Phipps, Kleppinger bipolar forceps were used with an RF power of 50 
watts, and the peak tissue temperature reached 320 °C For example, using the 
energy balance of equation (1), and assuming all the RF heat put into tissue is 
10 conducted away, then R can be estimated: 

R = AT/P = (320-37)/50 = 5.7*6 °C/watt 

However, it is undesirable to allow the tissue temperature to reach 320 °C, 
1 5 since tissue will become desiccated. At a temperature of 320°C, the fluid contained 
in the tissue is typically boiled away, resulting in the undesirable tissue effects 
described herein. Rather, it is preferred to keep the peak tissue temperature at no 
more than 100 °C to prevent desiccation of the tissue. Assuming that saline boils at 
100 °C, the first term in equation (1) (AT/R) is equal to (100 - 37)/6 = 10.5 watts. 
20 Thus, based on this example, the maximum amount of heat conducted to adjacent 

» 

tissue without any significant risk of tissue desiccation is 10.5 watts. 

Referring to FIG. 2, RF power to tissue is represented on the X-axisas P 
(watts) and flow rate of saline (cc/min) is represented on the Y-axis as Q. When the 
flow rate of saline equals zero (Q = 0), there is an "offset" RF power that shifts the 

25 origin of the sloped lines 76, 78, and 80 to the right. This offset is the heat 

conducted to adjacent tissue. For example, using the calculation above for bipolar 
forceps, this offset RF power is about 10.5 watts. If the power is increased above 
this level with no saline flow, the peak tissue temperature can rise well above 100 
°C, resulting in tissue desiccation from the boiling off of water in the cells of the 

30 tissue. 

Convection . The second term [pc p Q|AT] in equation (1) is heat used to warm 
up the flow of saline without boiling the saline, represented as 72 in FIG. 2, where: 
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p = Density of the saline fluid that gets hot but does not boil (approximately 
1.0gm/cm 3 ); 



5 



15 



c p = Specific heat of the saline (approximately 4.1 watt-sec/gm-°C); 



Qi = Flow rate of the saline that is heated (cmVsec); and 



AT = Temperature rise of the saline. Assuming that the saline is heated to 
body temperature before it gets to the electrode, and that the peak saline 
10 temperature is similar to the peak tissue temperature, this is the same AT as 

for the conduction calculation above. 

The onset of boiling can be predicted using equation (1) with the last term on 
the right set to zero (no boiling) (pQbh v = 0), and solving equation (1) for Qi leads to: 



Qi =[P-AT/R]/pCpAT (2) 



This equation defines the line shown in FIG. 2 as the line of onset of boiling 76. It 
is possible in some embodiments that the flow of conductive fluid can be 

20 nonuniformly heated, thereby reducing the term in the denominator of Equation (2), 
pCpAT. If the amount of convection is less due to nonuniformity of heating, 
conductive fluid boiling would occur sooner. In other words, the slope of the curve 
will be steeper at a given power, and conductive fluid will boil at a lower flow rate. 
This type of nonuniformity can be associated with device configurations and hence 

25 could be used to provide a level of control of convection. For example, for a 
particular type of device known to provide nonuniform heating of the conductive 
solution, the invention can provide an "offset" to take this into account to provide 
the desired level of boiling at the electrode/tissue interface. 

Boiling . The third term [pQt>h v ] in equation (1) relates to heat that goes into 

30 converting liquid saline to vapor saline and is represented as 74 in FIG. 2, where: 

Qb = Flow rate of saline that boils (cmVsec); and 
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h v = Heat of vaporization of saline (approximately 2,000 watt-sec/gm). 

A flow rate of only 1 cc/min will absorb a significant amount of heat if it is 
completely boiled, or about pQbh v = (1) (1/60) (2,000) = 33.3 watts. The heat 
5 needed to warm this flow rate from body temperature to 1 00 °C is much less, or 
pepQiAT = (1) (4.1) (1/60) (100 - 37) = 4.3 watts. In other words, the most 
significant factor contributing to heat transfer from a wet electrode device can be 
fractional boiling. The present invention recognizes this fact and exploits it. 
Fractional boiling can be described by equation (3) below: 



10 



{P - AT/R} 

Qi = (3) 

{pCpAT + p h v Qb/Qi} 



15 If the ratio of Qb/Qi is 0.50 this is the 50% boiling line 78 shown in FIG. 2. 

If the ratio is 1.0 this is the 100% boiling line 80 shown in FIG. 2. 

Control Strategy 

20 Since the amount of heat conducted away to adjacent tissue is difficult to 

precisely predict, it is preferable, from a control point of view, to assume the worst 
case situation of zero heat conduction, and provide enough saline so that if 
necessary, all the RF power could be used to heat up and boil the saline, thus 
providing that the peak tissue temperature will not go over 100 °C a significant 

25 amount. This situation is shown in the schematic graph of FIG. 3. 

It is desirable to control the saline flow rate so that it is always on a "line of 
constant % boiling" for consistent tissue effect. If the device is monopolar and 
shunting through saline is not an issue, then it can be preferable to operate close to, 
but not over the line of the onset of boiling, 76a in FIG. 3. This preferably keeps 

30 tissue as hot as possible with causing desiccation. Alternatively, if the device is 

bipolar and shunting of electrical energy through excess saline is an issue, then it can 
be preferable to operate along a line of constant boiling such as line 78a in FIG. 3, 
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the 50% line. This simple proportional control will have the flow rate determined by 
equation (4), where K is the proportionality constant: 

Q, = KxP (4) 

5 

In essence, when power P goes up, the flow rate Q will be proportionately 
increased. Conversely, when power P goes down, the flow rate Q will be 
proportionately decreased. 

K is primarily dependent on the fraction of saline that boils, as shown in 
10 equation (5), which is equation (3) solved for K after eliminating P using equation 
(4), and neglecting the conduction term (AT/R): 

K = (5) 

{pepAT +ph v CWQi} 

15 

Thus, the present invention provides a method of controlling boiling of 
conductive fluid at the tissue/electrode interface. In a preferred embodiment, this 
provides a method of treating tissue without use of tissue sensors, such as 
temperature or impedance sensors. Preferably, the invention can control boiling of 
20 conductive fluid at the tissue/electrode interface and thereby control tissue 
temperature without the use of feedback loops. 

FIG. 4 shows an exemplary graph of flow rate versus % boiling for a 
situation where the RF power is 75 watts. The percent boiling is represented on the 

« 

X-axis, and the saline flow rate (cc/min) is represented on the Y-axis. According to 
25 this example, at 100 % boiling the most desirable saline flow rate is 2 cc/min. 

As discussed herein, RF energy delivery to tissue can be unpredictable and 
vary with time, even though the generator has been "set" to a fixed wattage. 

The schematic graph of FIG. 5 shows the general trends of the output curve 
of a typical general-purpose generator, with the output power changing as load 
30 (tissue plus cables) impedance changes. Load impedance (in ohms) is represented 
on the X-axis, and generator output power (in watts) is represented on the Y-axis. In 
the illustrated embodiment, the electrosurgical power (RF) is set to 75 watts in a 
bipolar mode. As shown in the figure, the power will remain constant as it was set 
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as long as the impedance stays between two cutoffs of impedance, that is, between 
50 ohms and 300 ohms in the illustrated embodiment. Below load impedance of 50 
ohms, the power will decrease, as shown by the low impedance ramp 48 Above 
load impedance of 300 ohms, the power will decrease, as shown by the high 
5 impedance ramp 46. Of particular interest to saline-enhanced electrosurgery is the 
low impedance cut-off (low impedance ramp 48), where power starts to ramp down 
as impedance drops further. 

FIG. 6 shows the general trend of how tissue impedance generally changes 
with time for saline-enhanced electrosurgery. As tissue heats up, the temperature 

1 0 coefficient of the tissue and saline in the cells is such that the tissue impedance 
decreases. Thus, as tissue heats up, the load impedance decreases, approaching the 
impedance cut-off of 50 ohms. Once tissue is sufficiently heated, such that the 
impedance cut-off is passed, the power decreases along the lines of the low 
impedance ramp 48 of FIG. 5. 

1 5 Combining the effects shown in FIG. 5 and FIG. 6, it becomes clear that 

when using a general-purpose generator set to a "fixed" power, the actual power 
delivered can change dramatically over time as tissue heats up and impedance drops. 
Looking at FIG. 5, if the impedance drops from 100 to 75 ohms over time, the 
power output would not change because the curve is "flat" in that region of 

20 impedances. If, however, the impedance drops from 75 to 30 ohms one would "turn 
the corner" onto the low impedance ramp 48 portion of the curve and the power 
output would decrease dramatically. 

According to the invention, the control device receives a signal indicating the 
drop in actual power delivered to the tissue and adjusts the flow rate of saline to 

25 maintain the tissue/electrode interface at a desired temperature. In a preferred 
embodiment, the drop in actual power delivered is sensed by the power 
measurement device 8 (shown in FIG. 1), and the flow rate of saline is decreased by 
the flow rate controller 11 (also shown in FIG. 1). Preferably, this reduction in 
saline flow rate allows the tissue temperature to stay as hot as posable without 

30 desiccation. If the control device was not in operation and the flow rate allowed to 
remain higher, the tissue would be over-cooled at the lower power input. This 
would result in decreasing the temperature of the tissue at the treatment site. 

16 
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The flow rate controller 1 1 of FIG. 1 can be a simple "hard-wired" analog or 
digital device that requires no programming by the user or the manufacturer. The 
flow rate controller 11 can alternatively include a processor, with or without a 
storage medium, in which the determination procedure is performed by software, 
5 hardware, or a combination thereof. In another embodiment, the flow rate controller 
11 can include semi-programmable hardware configured, for example, using a 
hardware descriptive language, such as Verilog. In another embodiment, the flow 
rate controller 11 of FIG. 1 is a computer, microprocessor-driven controller with 
software embedded. In yet another embodiment, the flow rate controller 11 can 
10 include additional features, such as a mechanism to automatically keep the saline 
flow on for several seconds after the RF is turned off to provide a postcoagulation 
cooling of the tissue or "quench," which can increase the strength of the tissue seal. 

As discussed herein, the saline can act as a shunt and divert energy away 

1 5 from target tissue. This is a phenomenon that can only occur with a bipolar device. 
In a monopolar device, saline can "pool" in the treatment area, and can, in some 
situations, divert energy by pooling. For the present discussion, shunting in 
connection with a bipolar device will be discussed. 

In order to describe the underlying issue of saline shunting, an exemplary 

20 bipolar endoscopic electrosurgical device will be described in some detail. The 
bipolar electrosurgical device is described for purposes of illustrating the invention 
only, and it is understood that a wide variety of electrosurgical devices can be used 
in connection with the invention. 

Preferably, the control device of the invention is used in connection with an 

25 electrosurgical device that is capable of controlling saline flow (for example, by 
controlling the location from which the saline is released from the electrosurgical 
device to the tissue). Any electrosurgical device that is capable of controlling salhe 
flow is preferably used in connection with the invention described herein. 

FIG. 7 shows an overall simple side schematic view of one embodiment of 

30 an electrosurgical device 5a that is designed to grasp, coagulate and then cut tissue. 
The electrosurgical device Sa includes a shaft 17, two opposing jaws 18 at the distal 
tip of the shaft 17, a collar 19 for rotating the entire shaft, a proximal handle 20, an 
actuation lever 21 which when squeezed will close the opposing jaws 18, a pair of 
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paddles 22 to activate the built-in cutting mechanism (not shown in the figure), and a 
cable 23 attached to the handle that contains two electrical wires and one fluid 
channel (not shown individually in the figure). In use, tissue to be treated is 
positioned between the jaws 18 of the device 5a. The actuation lever 21 is then 
5 moved in direction of arrow 26, thereby drawing the opposing jaws 18 toward each 
other, to close the jaws 18 on the tissue. RF energy and conductive fluid, such as 
saline, are applied through the device and to the treatment site, thereby heating the 
tissue to coagulate, or achieve the desired treatment of the tissue. If desired, iter 
coagulating the tissue between the jaws, the jaws can be held clamped together and 

10 the cutting mechanism can be actuated to cut tissue. 

FIG. 8 shows a schematic close-up section view of the two jaws 18 at the 
distal tip of the shaft 17. In a preferred embodiment, each jaw 18 includes an 
electrode 25, a manifold 24, and a plurality of holes 26 in the electrode. Each jaw 
18 further includes a jaw surface 29 that contacts the tissue to be treated. In the 

1 5 embodiment illustrated in FIG. 8, the jaw surface 29 is textured, so that it is capable 
of grasping the tissue to be treated. However, the jaw surface 29 need not be 
textured, and can include any type of desired surface configuration, such as 
serrations and the like, or can be provided with a smooth surface. In use, saline 
flows in a manifold 24 in the direction of arrows 30, wherein the manifold 24 

20 distributes saline flow evenly to a plurality of holes 26 that are made in the jaw 18. 
Preferably, most of the structural material of each jaw 18 is fabricated from a 
material that is non-conductive electrically, such as nylon or other polymer such as 
liquid crystal polymer. This non-conductive material is shown in the figure as 
reference number 27. Further, in some embodiments, the jaw surface 29 can be 

25 fabricated from a nonconductive material. In a preferred embodiment, each jaw 18 
further includes a groove 28 that is recessed from the jaw surface 29. In this 
embodiment, after the saline flows through the holes 26, it flows in the groove 28. 
When tissue is grasped between the jaws, saline can flow in the groove 28between 
the electrode and the tissue, and exit through exit grooves 62 that are open to the 

30 outside at the proximal end of the jaws 18L 

FIG. 9 shows an overall schematic top view of the electrosurgical device 
shown in FIGS. 7 and 8. As shown in FIG. 9, the jaws 18 can be provided in a loop 
configuration. FIG. 10 shows a close-up section of one of the loop jaws 18. In this 
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embodiment, the jaws 18 are provided in a loop configuration to create a space 30 
that allows a cutting mechanism 31 to move proximally and distally within the space 
30. One of skill in the art would comprehend that the electrode configuration shown 
in FIG. 9 is simply an exemplary configuration, and the electrode need not be 
5 formed of two loops. For example, the electrosurgical device need not include a 
cutting mechanism, and the electrodes in these embodiments would not be required 
to include a space or recess for passage of the cutting mechanism. The invention 
contemplates any suitable electrode configuration used to treat tissue with RF energy 
and conductive fluid. 

10 If the saline that flows from one electrode to the other is not boiling in any 

significant manner, a large fraction of the RF energy can be diverted away from 
target tissue. This "stealing" of RF energy tends to dramatically slow down the 
process of coagulating tissue and producing the desired hemostasis or aerostasis of 
the tissue. This situation is illustrated in FIG. 11. In this embodiment, tissue 32 

1 5 grasped between the jaws 18 does not fill the jaws. Areas 34 and 35 show areas of 
air between the jaws 18. Saline liquid flows from the top electrode jaw to the lower 
electrode jaw in several locations: at area 33, located at the distal end of the jaws 18, 
at locations between tissue 32 and area 34, and between areas 34 and 35. These 
locations of saline flow between areas 34 and 35 represent the closest gap between 

20 jaws (area 35) and flow of saline along the tissue boundary 32, which are the most 
likely areas for saline flow between the jaws 18. Since most of the saline is not 
boiled, excess saline 36 drips off the lower jaw. 

The saline shunting scenario can also be explained by using an electrical 
circuit as shown in FIG. 11a. Electrically, the tissue and the saline fluid shunt can 

25 be modeled as resistors in parallel. Using Ohm's Law one can calculate the 
percentage of total RF power that is dissipated in the saline shunt as: 

100 

% RF Power = 

[1 +Rs/Rtl 

30 

In the embodiment illustrated in FIG. 11a, the total current (I) 50 from 
source 54 is split between two resistors, tissue electrical resistance (R t ), and saline 
shunt electrical resistance (R s ). This relationship is shown in the schematic graph of 

19 
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FIG. lib, which shows the relationship of the ratio of saline to tissue resistance 
(Rs/Rt) to percent of power shunted into saline. As shown in the figure, when the 
resistance of the saline is equal to the tissue (R/Rt = 1), half the power is shunted 
into the saline. For example, when the-resistance of the saline is four times that of 

5 the tissue, then only 20% of the power is shunted into the saline. 

One benefit of the flow rate control strategy described herein, where a high 
% boiling is maintained, is that the flow of saline from one electrode to the other is 
either eliminated altogether because all the flow boils off at the electrode/tissue 
interface, or a large fraction of the flow boils as it flows toward the other electrode. 

10 This second case is illustrated in FIG. 12, that is, where a large fraction of the saline 
flow boils as it flows toward the other electrode. Note that in comparison to FIG. 
11, there is less saline flowing from the top jaw to the lower jaw, and where there is 
flow it is actively boiling, as indicated by the vapor bubbles shown in several 
locations 37 and 38. According to the invention, boiling of a large fraction of the 

15 saline assures that most of the RF power will be directed into the tissue to achieve 
coagulation in the fastest time. 

One aspect of the control strategy of the invention is that the flow of saline is 
preferably primarily directed spatially against or very near the target tissue tha is to 
receive the RF power. If the flow rate is not near where the RF power is turned into 

20 heat, the saline is not capable of protecting the tissue from desiccation by dissipating 
excess heat in the boiling process. Therefore, in a preferred embodiment the flow 
of conductive fluid is directly primarily at the tissue treatment site. 

Use 

25 

Typically a surgeon will grasp a small amount of tissue with the very tip of 
the device as shown in FIG. 13. If the electrode jaws are long relative to the length 
of the tissue segment being grasped, then saline exiting of holes26 in the proximal 
part of the jaws may not be able to flow to the tip, but may leak out along the upper 
30 jaw. Though surface tension will act to keep saline flow in the groove28, gravity 
can tend to cause the saline collect and flow down directly to the opposing jaw. This 
would result in the undesirable effects mentioned above. By providing two slidable 
gutters 39, the flow of saline can be collected and directed distally toward the tissue. 

20 
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In this embodiment, the saline can flow from one jaw to the other in areas40, 
located on each side of the tissue being grasped, but with a large percentage boiling 
before reaching the other jaw. According to this embodiment, the gutters39 can be 
fabricated from any material that is non-conducting, for example, plastic. The 
5 gutters can slide toward the distal end of the device as part of the activation of lever 
21 shown in FIG. 7, to be stopped automatically by the presence of tissue. 
Alternatively the gutters 39 can be slid forward as part of a separate mechanism 
action. The gutters 39 can be fabricated from any suitable material that is non- 
conducting, for example, plastic. 

10 FIG. 14 shows a schematic cross-sectional view of the gutters shown in FIG. 

13. The cross-section in FIG. 14 illustrates the nonconducting portion 27 of the jaw 
18, the saline manifold 24, the electrodes 25, holes 26, groove 28, space 30 for the 
cutting mechanism, and gutters 39. Near the distal end of the gutters, exit grooves 
62 in the gutter can allow saline to flow through and onto the edge of the tissue even 

15 if the gutter is pressed snuggly against the tissue (shown in FIG. 8). 

FIG. 15 and FIG. 16 illustrate an alternative embodiment of the 
electrosurgical device of the invention. In this embodiment, the electrosurgical 
device includes a mechanism for directing saline flow to where tissue is being 
heated using RF energy. Preferably, the mechanism for directing saline flow 

20 comprises one or more tissue activated valves. In FIG. 15, the jaw 18 of the device 
includes a pin 40 that is configured with a bulged portion 52 in the middle section of 
the plunger pin 40, so that the pin 40 can seat into a counter-sunk hole 26a in the 
electrode 25. Pin 40 preferably further includes a pin tip 41 that contacts tissue. 
Preferably, the pin tip 41 is rounded or atraumatic to reduce tissue trauma. As 

25 illustrated in the figure, counter-sunk hole 26a includes a recessed portion 56 that is 
configured to receive the bulged portion 52, such that when seated within the 
recessed portion 56, the pin 40 prevents conductive fluid flow from the manifold 24 
to the tissue being treated. Preferably, a guide tube 42 holds the pin 40 in position, 
and spring 43 provides force to push the bulged portion 52 of pin 40 into the 

30 recessed portion 56 and seal off the flow of saline from the manifold region 24 In 
use, the pin tip 41 contacts tissue when the jaws 18 compress tissue. When tissue is 
compressed, the tissue contacts the tip 41 and pushes the pin 40 upwards, unseating 
the bulged portion 52 of the pin 40 from the recessed portion 56, and allowing saline 
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to flow in direction of arrows 44 through the annular space between the pin 40 and 
the counter-sunk hole 26a. 

FIG. 16 shows a schematic view of one embodiment wherein a series of such 
tissue-activated valves functions to deliver saline flow only to areas of the jaws 

5 where tissue is compressed and to be Reheated. Referring to FIGS. 15 and 16, 
tissue is compressed in the area labeled 60, and theholes 26a are open to allow 
saline flow to the tissue treatment site. As described above, tissue contacts tip 4} 
thereby pushing pin 40 upwards, unseating the bulged portion 52 of the pin 40 from 
the recessed portion 56 (shown in FIG. 15). This interaction allows saline to flow 

10 from the device 5a to the tissue being treated. In the area labeled 62 in the figure, 
tissue is not compressed between jaws 18 of the device 5a, and therefore the holes 
26a are closed to the flow of saline from the device 5a. Because the tips 41 of pins 
40 do not contact tissue, the pin 40 is not forced from its seated position within 
recessed portion 56 of the hole 26a (shown in FIG. 15). 

1 5 Generally, the holes 26 or 26a of the electrode 25 supply conductive fluid to 

the treatment site. In an alternative embodiment, these holes are provided in the 
form of porous material such as metal. In this embodiment, the electrodes do not 
include discrete holes; rather, the electrode surface itself is porous to allow infusion 
of the conductive solution to the treatment site. Porous sintered metal is available in 

20 many materials (such as, for example, 316L stainless steel, titanium, Ni-Chrome, 
and the like) and shapes (such as cylinders, discs, plugs, and the like) from 
companies such as Porvair, located in Henderson, NC. 

Porous metal components can be formed by a sintered metal powder process 
or by injection molding a two-part combination of metal and a material that can be 

25 burned off to form pores that connect (open cell) to each other. Such methods are 
known in the art. In this embodiment, conductive fluid will flow out of the electrode 
everywhere the pores are open. Preferably, the exterior (that is, the portions of the 
components that do not comprise the portion of the device involved in tissue . 
treatment) of such porous metal electrode components can be covered with a 

30 material that fills the pores and prevents both the flow of saline and the passing of 
electrical energy. Alternatively, the device can include gutters to prevent the flow of 
saline in areas where it is desired to prevent saline flow. 
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In yet another embodiment, a porous polymer is used in place of the porous 
metal. Although the polymer is non-conductive, the conductive solution provided 
will conduct the RF energy across the porous polymer wall and to the tissue to be 
treated. Suitable materials include high temperature open cell silicone foam and 
5 porous polycarbonates, among others. Porous ceramics also fall into this category, 
since they could distribute conductive fluid flow, withstand high temperatures and 
be machinable or moldable for manufacturing purposes. Preferably, the material 
used transmits both fluid flow and electrical energy; thus, materials with properties 
between high-electrical conductivity metals and low electrical conductivity 

10 polymers are also contemplated, such as porous carbon-filled polymers. In these 
embodiments, conductive fluid flow is distributed along the length of the electrodes, 
where porous material is used to fabricate the electrodes. All ora portion of the 
electrodes can be porous according to the invention. 

While the invention has been described in relation to a bipolar electrosurgical 

15 device, it will be readily apparent that other electrosurgical devices can be easily 
adapted to be used in connection with the invention. For example, the 
electrosurgical device 5 in FIG. 1 can, in another embodiment, be provided as a 
monopolar device. In this embodiment, one of the wires going to the bipolar device 
would instead go to a ground pad dispersive electrode located on the patient's back 

20 or other suitable anatomical location. Minimally, the electrosurgical device will be 
capable of delivering RF power and conductive solution to tissue. For example, the 
device can comprise a straight needle having an interior lumen for transmitting 
conductive solution to the tissue. Alternatively, the electrosurgical device can 
comprise other configurations such as loops, forceps, blades, and the like. 

25 Other suitable electrosurgical devices that can be used in connection with the 

invention described herein include, but are not limited to, devices described in U.S. 
Patent Application Serial No. 09/668,403 (filed 22 September 2000), U.S. Patent 
No. 5,897,553 (issued 27 April 1999), U.S. Patent No. 6,063,081 (issued 16 May 
2000), and U.S. Patent No. 6,096,037 (issued 1 August 2000). 

30 Moreover, it will be readily apparent that other means can be used to provide 

heat to the tissue, in addition to the radio frequency power described herein. 
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One or more of the features of the previously described system can be built 
into a custom RF generator. This embodiment can provide one or more advantages. 
For example, this type of system can save space and reduce overall complexity for 
the user. This system can also enable the manufacturer to increase the power 
5 delivered into low impedance loads, thereby further reducing the time to achieve the 
desired tissue effects. This changes the curve of FIG. 5, by eliminating or reducing 
the slope of the low impedance ramp of power veisus impedance. 

To effectively treat thick tissues, it can be advantageous to have the ability to 
pulse the RF power on and off. Under some circumstances, the temperature deep in 

10 tissue can rise quickly past the 100 °C desiccation point even though the 

electrode/tissue interface is boiling at 100 °C. This manifests itself as "popping," as 
steam generated deep in the tissue boils too fast and erupts toward the surface. In 
one embodiment of the invention, a switch is provided on the control device or 
custom generator to allow the user to select a "pulse" mode of the RF power. 

1 5 Preferably, the RF power system in this embodiment is further controlled by 
software. 

In some embodiments, it can be desirable to control the temperature of the 
conductive fluid before it is released from the electrosurgicai device. In one 
embodiment, a heat exchanger is provided for the outgoing saline flow to either heat 

20 or chill the saline. Pre-heating the saline to a predetermined level below boiling 

reduces the transient warm-up time of the device as RF is initially turned on, thereby 
reducing the time to cause coagulation of tissue. Alternatively, pre-chilling the 
saline is useful when the surgeon desires to protect certain tissues at the 
electrode/tissue interface and treat only deeper tissue. One exemplary application of 

25 this embodiment is the treatment of varicose veins, where it is desirable to avoid 
thermal damage to the surface of the skin. At the same time, treatment is provided 
to shrink underlying blood vessels using thermal coagulation. The temperature of 
the conductive fluid prior to release from the surgical device can therefore be 
controlled, to provide the desired treatment effect. 

30 In another embodiment, the flow rate controller is modified to provide for a 

saline flow rate that results in greater than 100% boiling at the tissue treatment site. 
For example, the selection switch 12 of the flow rate controller 11 (shown in FIG. 1) 
can include settings that correspond to 110%, 120% and greater percentages of 
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boiling. These higher settings can be of value to a surgeon in such situations as 
when encountering thick tissue, wherein the thickness of the tissue can increase 
conduction away from the electrode jaws. Since the basic control strategy neglects 
heat conduction, setting for 100% boiling can result in 80% of 90% boiling, 
5 depending upon the amount of conduction. Given the teachings herein, the switch of 
the flow rate controller can accommodate any desirable flow rate settings, to achieve 
the desired saline boiling at the tissue treatment site. 

Some embodiments of the invention can provide one or more advantages 

10 over current electrosurgical techniques and devices. For example, the invention 
preferably achieves the desired tissue effect (for example, coagulation, cutting, and 
the like) in a fast manner. In a preferred embodiment, by actively controlling the 
flow rate of saline, both in quantity (Q vs. P) and location (for example, using 
gutters to direct fluid distally to tissue, using holes to direct flow of fluid, or other 

1 5 similar methods) the electrosurgical device can create a hot non-desiccating 

electrode/tissue interface and thus a fast thermally induced tissue coagulation effect. 

The invention can, in some embodiments, deliver fast treatment of tissue 
without using a temperature sensor built into the device or a custom special-purpose 
generator. In a preferred embodiment, there is no built-in temperature sensor or 

20 other type of tissue sensor, nor is there any custom generator. Preferably, the 

invention provides a means for controlling the flow rate to the device such that the 
device and flow rate controller can be used with a wide variety of general-purpose 
generators. Any general-purpose generator is useable in connection with the fluid 
delivery system and flow rate controller to provide the desired power, the flow rate 

25 controller will accept the power and constantly adjust the saline flow rate according 
to the control strategy. Preferably, the generator is not actively controlled by the 
invention, so that standard generators are useable according to the invention. 
Preferably, there is no active feedback from the device and the control of the saline 
flow rate is "open loop." Thus, in this embodiment, the control of saline flow rate is 

30 not dependent on feedback, but rather the measurement of the RF power going out to 
the device. 

In another aspect, the invention preferably provides an electrosurgical device 
design that is capable of quickly and effectively sealing a wide variety of tissue 
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segment sizes. The electrosurgical device provides a number of characteristics that 
improve the ability to treat a wide variety of tissue size and thickness. For example, 
a preferred embodiment provides the ability to control the saline flow towards a high 
percentage boiling, for example, 80 - 100%. This reduces shunting of the RF by 
5 boiling off saline before it could flow to the other electrode, or by boiling the saline 
as it is in the process of flowing to the other electrode. In another aspect, one 
preferred embodiment includes gutters in connection with the electrodes. In this 
embodiment, saline flow is directed toward the tissue treatment site, thereby 
providing all or substantially all of the conductive fluid to the treatment site. Thus, 
10 the tissue being treated is sufficiently "protected" from desiccation by utilizing the 
controlled conductive fluid boiling described herein. Preferably, the tissue-activated 
jaws offer another way to provide the conductive fluid in proximity to where the RF 
power is turned into heat. 

1 5 While a preferred embodiment of the present invention has been described, it 

should be understood that various changes, adaptations and modifications can be 
made therein without departing from the spirit of the invention and the scope of the 
appended claims. The scope of the invention should, therefore, be determined not 
with reference to the above description, but instead should be determined with 

20 reference to the appended claims along with their full scope of equivalents. 

All publications and patent documents cited in this application are 
incorporated by reference in their entirety for all purposes to the extent they are not 
inconsistent with the teachings herein. 
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We claim: 

1 . A system for treating tissue comprising: 
a) a power measurement device; 

5 b) a flow rate controller coupled to the power measurement device; and 

c) an electrosurgical device configured and arranged to provide radio 
frequency power and conductive fluid to the tissue, 

wherein the flow rate controller is configured and arranged to modify a flow 
rate of the conductive fluid to the tissue, based on signals from the power 
1 0 measurement device. 

2. The system according to claim 1 , wherein the flow rate controller modifies 
the flow rate of the conductive fluid to the tissue based on heat used to warm the 
conductive fluid and heat used to convert the conductive fluid to vapor. 
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3. The system according to claim 2 wherein the flow rate controller modifies 
the flow rate of the conductive fluid to the tissue using the relationship: 

1 

K= 



{pCpAT +ph v Qb/Qi} 

where p is density of the conductive fluid that is heated, C p is the specific 
heat of the conductive fluid, Qi is the flow rate of the conductive fluid that is heated, 
AT is temperature rise of the conductive fluid, h v is heat of vaporization of the 
conductive fluid, and Qb is the flow rate of conductive fluid that boils. 

4. The system according to claim 3 wherein the flow rate controller is 
configured and arranged to modify the flow rate of saline. 



5. The system according to claim 1 wherein the flow rate controller is 
30 configured and arranged to modify a flow rate of the conductive fluid to the tissue 
without using feedback from the tissue being treated; 
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6. The system according to claim 1 wherein the electrosurgical device 
comprises a bipolar electrosurgical device. 

7. The system according to claim 1 further comprising a generator that provides 
5 radio frequency power to the electrosurgical device through the power measurement 

device. 

8. A device for modifying flow rate of conductive fluid to tissue based on 
measurement of radio frequency power delivered to the tissue, the device 

10 comprising: 

a flow rate controller configured and arranged to modify flow rate of the 
conductive fluid to the tissue, based on heat used to warm the conductive fluid and 
heat used to convert the conductive fluid to vapor. 

1 5 9. The device according to claim 8 wherein the device modifies the flow rate of 
the conductive fluid to the tissue using the relationship: 

K- J 

{pCpAT +phvQb/Qi} 

20 where p is density of the conductive fluid that is heated, C p is the specific 

heat of the conductive fluid, Qi is the flow rate of the conductive fluid that is heated, 
AT is temperature rise of the conductive fluid, h v is heat of vaporization of the 
conductive fluid, and Qb is the flow rate of conductive fluid that boils. 

25 1 0. The device according to claim 9 wherein the flow rate controller is 
configured and arranged to modify the flow rate of saline to the tissue. 

11. A device for treating tissue using radio frequency power and conductive 
fluid, the device comprising: 
30 a) a sensing device, and 

b) a processor coupled to the sensing device, wherein the processor is 
configured and arranged to adjust flow rate of the conductive fluid to the tissue, by 

28 



WO 01/66026 PCT/US01/06673 

* 

determining a level of radio frequency power applied to the tissue using the sensing 
device, and adjusting the flow rate of the conductive fluid to the tissue. 

12. The device according to claim 1 1 wherein the processor is configured and 
5 arranged to adjust the flow rate of the conductive fluid to the tissue based on heat 

used to warm the conductive fluid and heat used to convert the conductive fluid to 
vapor. 

1 3. The device according to claim 12 wherein the device is configured and 
1 0 arranged to adjust the flow rate of the conductive fluid to the tissue using the 

relationship: 

1 



K= 



{pCpAT +ph v Qb/Qi} 



1 5 where p is density of the conductive fluid that is heated, C p is the specific 

heat of the conductive fluid, Qi is the flow rate of the conductive fluid that is heated, 
AT is temperature rise of the conductive fluid, h v is heat of vaporization of the 
conductive fluid, and Q b is the flow rate of conductive fluid that boils. 



20 14. The device according to claim 1 1 wherein the sensing device does not rely 
on feedback from the tissue being treated. 

1 5. The device according to claim 13 wherein the device uses radio frequency 
power and saline to treat the tissue. 

25 

1 6. A method for treating tissue comprising: 

a) applying radio frequency power and conductive fluid to the tissue 
using a surgical device, wherein the conductive fluid is provided to the tissue at a 
fluid flow rate, 

30 b) determining an amount of radio frequency power applied to the 

surgical device, and 

c) modifying the fluid flow rate based on the amount of power applied 

to the surgical device. 

29 
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17. The method according to claim 1 6, wherein the step of modifying the fluid 
flow rate comprises modifying the flow rate of the conductive fluid to the tissue 
based on heat used to warm the conductive fluid and heat used to convert the 
conductive fluid to vapor. 

18. The method according to claim 1 6, wherein the step of modifying the fluid 
flow rate comprises determining the fluid flow rate using the relationship: 

1 



10 K = 



{pCpAT +ph v Qb/Qi} 

where p is density of the conductive fluid that is heated, C p is the specific 
heat of the conductive fluid, Qi is the flow rate of the conductive fluid that is heated, 
15 AT is temperature rise of the conductive fluid, h v is heat of vaporization of the 
conductive fluid, and Qt, is the flow rate of conductive fluid that boils. 

1 9. The method according to claim 1 8, wherein the step of applying radio 

9 

frequency power and conductive fluid to the tissue comprises applying radio 
20 frequency power and saline to the tissue. 

20. A method for treating tissue comprising: 

a) providing a surgical device comprising an electrode, wherein the 
surgical device is configured and arranged to receive radio frequency power and 

25 conductive fluid and deliver the radio frequency power and conductive fluid to the 
tissue, 

b) determining the radio frequency power applied to the tissue, and 

c) providing the conductive fluid to the tissue at a fluid flow rate, 
wherein the fluid flow rate is modified to control boiling of the conductive fluid at 

30 the tissue. 

21 . The method according to claim 20 wherein the step of providing the 
conductive fluid to the tissue at a fluid flow rate comprises providing the conductive 
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fluid to the tissue based on heat used to warm the conductive fluid and heat used to 
convert the conductive fluid to vapor. 

22. The method according to claim 2 1 wherein the step of providing the 
5 conductive fluid to the tissue at a fluid flow rate comprises providing the conductive 
fluid to the tissue using the relationship: 

K- ! 



{pCpAT +ph v Qb/Qi} 

10 where, p is density of the conductive fluid that is heated, C p is the specific 

heat of the conductive fluid, Qi is the flow rate of the conductive fluid that is heated, 
AT is temperature rise of the conductive fluid, h v is heat of vaporization of the 
conductive fluid, and Q b is the flow rate of conductive fluid that boils. 

1 5 23 . The method according to claim 22, wherein the step of providing a surgical 
device comprises providing a surgical device that is configured and arranged to 
receive radio frequency power and saline and deliver the radio frequency power and 
saline to the tissue. 

20 24. A system for treating tissue comprising: 

a) a power measurement device; 

b) a flow rate control ler coupled to the power measurement device; 

c) a flow control device coupled to the flow rate controller; and 

d) an electrosurgical device coupled to the flow control device and the 
25 power measurement device, wherein the electrosurgical device is configured 

and arranged to provide radio frequency power and conductive fluid to the 
tissue, 

wherein the flow rate controller is configured and arranged to modify a flow 
rate of the conductive fluid to the electrosurgical device, based on signals from the 
30 power measurement device. 

25. The system according to claim 24 wherein the flow control device comprises 
a pump. 

31 
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26. The system according to claim 25 wherein the pump comprises a peristaltic 
pump. 

5 27. The system according to claim 25 wherein the pump comprises a syringe 
pump. 

28. The system according to claim 24 wherein the flow rate controller is 
configured and arranged to modify the flow rate of the conductive fluid to the flow 

10 control device based on heat used to warm the conductive fluid and heat used to 
convert the conductive fluid to vapor. 

29. A system according to claim 28 wherein the flow rate controller is 
configured and arranged to modify the flow rate of the conductive fluid to the tissue 

15 using the relationship: 

1 

K= 

{pCpAT +ph v Qb/Qi} 

where p is density of the conductive fluid that is heated, C p is the specific 
20 heat of the conductive fluid, Q is the flow rate of the conductive fluid that is heated, 
AT is temperature rise of the conductive fluid, h v is heat of vaporization of the 
conductive fluid, and Q> is the flow rate of conductive fluid that boils. 

30. The system according to claim 24 wherein the flow rate controller is 
25 configured and arranged to modify the flow rate of the conductive fluid to the 

electrosurgical device without feedback from the tissue. 

3 1 . The system according to claim 24 wherein the electrosurgical device is 
configured and arranged to provide radio frequency power and saline to the tissue. 

30 

32. The system according to claim 24 wherein the electrosurgical device 
comprises a bipolar electrosurgical device. 

32 
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33. The system according to claim 32 wherein the bipolar electrosurgical device 
comprises opposing jaws and slidable gutters disposed on the opposing jaws. 

34. The system according to claim 32 wherein the bipolar electrosurgical device 

i * 

5 comprises a cutting mechanism. 

35. The system according to claim 32 wherein the bipolar electrosurgical device 
comprises tissue activated valves. 



10 
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